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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S218Results: SFN abrogates cytokine-induced destruction of bovine nasal
cartilage at the level of both proteoglycan and collagen breakdown
(10mM compared to cytokines alone). It also decreases arthritis score
in the DMM murine model of osteoarthritis (3mmol daily dose SFN in
diet versus control chow). SFN inhibited cytokine-induced metal-
loproteinase expression in primary human articular chondrocytes
(HACs) and in ﬁbroblast-like synovial cells (FLS). SFN acts indepen-
dently of the Nrf2 transcription factor and histone deacetylase activity
in HACs, but does mediate prolonged activation of Jun kinase (JNK) and
p38 MAP kinase. SFN attenuates NF-kB signalling through at least
inhibition of DNA binding in HACs with attenuation of expression of
several NF-kB dependent genes.
Conclusions: SFN, at levels which can be obtained through a high
broccoli diet, inhibits the expression of key metalloproteinases impli-
cated in osteoarthritis independently of Nrf2 and blocks inﬂammation
at the level of NF-kB to protect against cartilage destruction in vitro and
in vivo. Future studies in man will ascertain the potential of this
compound in human osteoarthritis.Fig 1. Extensor strength/weight in women (left) and men (right) without pain
(WOMAC ¼ 0, gray line) and those with severe pain (WOMAC>5, black line). Percent
differences are shown with 95% conﬁdence intervals.411
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Purpose: Collagen hydrolysates (CHs) are mixtures of collagen peptides
and are popular nutraceuticals used for prophylaxis of osteoarthritis
(OA). Collagen type I hydrolysates were found to stimulate the synthesis
of proteoglycans and collagen by cultured healthy bovine articular
chondrocytes [Oesser et al. 2003]. Recently a ligand-receptor interac-
tion of small collagen fragments with integrin domains were found
which might serve as a molecular mode of action of CHs [Siebert et al.
2010; Stoetzel et al. 2012].
The aim of our study was to determine for the ﬁrst time whether and to
what extent two commercially available CHs modulate 1) the synthesis
of collagen from human articular OA cartilage, and 2) the degradation of
collagen and proteoglycans from human OA cartilage obtained from
human knee joints.
Methods: CHs from porcine (Mobiforte, Astrid Twardy) and ﬁsh (FGH,
Peptan F 5000, Rousselot) origin were used for our experiments.
Peptides from CHs were chemically characterized using MALDI-TOF
mass spectrometry, Atom Force Microscopy (AFM) as well as Nuclear
Magnetic Resonance (NMR) spectroscopy.
The degree of OA changes was estimated according to Collins. In order
to determine the collagen synthesis, explants were radiolabeled with
[3H]-proline, washed several times, and radiolabeled again with [14C]-
proline in the presence of 0-10 mg/ml CHs [Goodwin et al. 2008].
Proteoglycans were determined by the DMMB-method, NO by the
Griess reaction, whereas MMP-1,-3,-13 and collagen type II within
media were measured using ELISA kits. Cell viability was evaluated
microscopically using ﬂuorescein diacetate and propidium iodide.
Untreated explants served as controls. Data presented are mean  SD
(n¼6). Groups of data were evaluated using ANOVA and the Friedman
test. Signiﬁcance was set to p < 0.05.
Results: MALDI-TOF and 2D-TOCSY NMR analysis revealed qualitative
differences between both CHs with respect to peptides identiﬁed in
each preparation, width of molecular weight distribution and the
average molecular weight.
Peptan F 5000 and Mobiforte did not modulate the collagen
synthesis. Only Mobiforte induced an increased loss of proteoglycans
from explants into nutrient media, whereas no loss of collagen was
observed. Signiﬁcantly elevated levels of NO, MMP-1, -3, -13 and/or
PGE2 were found for FGH and Mobiforte. CHs are not cytotoxic even
when tested at a high concentration of 10 mg/ml.
Conclusion: Our investigation shows for the ﬁrst time that CH prepa-
rations differ with respect to both the composition of peptides and their
biological activities on human chondrocytes. Thus, their biomedical
properties have to be studied thoroughly both in vitro and in animal as
well as clinical trials before being applied as safe and effective nutra-
ceuticals in patients.412
PAIN HAS A STRONGER ASSOCIATION WITH THIGH MUSCLE
STRENGTH THAN THE RADIOGRAPHIC STAGE OF KNEE
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Purpose: Previous studies reported an association between reduced
(quadriceps) muscle strength and knee osteoarthritis (OA), but it
remains unclear to what extent this relationship depends on structural
(radiographic, i.e. rOA) status or pain. To disentangle the above relation,
we here study extensor and ﬂexor muscle strength across participants
with different radiographic OA stages, with and without pain, in a large
cohort of subjects with or at risk of knee OA.
Methods: Participants were drawn from the entire baseline incidence
and progression subcohort cohort of the Osteoarthritis Initiative (OAI;
n¼4674), including all right knees with central Kellgren-Lawrence
grade (KLG) readings and complete information on the WOMAC pain
score and measures of isometric muscle strength (n¼3809). Of these,
1378 were KLG0, 698 KLG1, 1054 KLG2, and 679 KLG3/4. In each KL
stratum, observations were stratiﬁed between WOMAC knee pain
scores: 0 (no pain), 1-5, and >5 (severe pain) [range 0-20], as the mean
was close to 5 in women and men. Measurements for maximum
isometric extensor and ﬂexor strength at 60 knee ﬂexion were taken
from the OAI database ("Good Strength Chair", Metitur Oy, Jyvaskyla,
Finland) and to account for inter-subject differences these were
normalized to body weight (strength/weight). Of the OAI healthy
reference cohort (KLG0, asymptomatic, and without OA risk factors),
only a small subset of (right) knees had strength measurements avai-
labale (13 women, 12 men), which were used for comparison. Separate
slopes ANCOVAmodels, with age as covariate and contrast analyses (for
age-adjustedmeans), were used to compare: a) limbs with severe vs. no
painwithin each KLG stratum b) painless limbs across KLG strata, and c)
painless limbs with rOA (KLG2-4) vs. healthy reference limbs.
Results: In bothmen andwomen, and across all KL grades, extensor and
ﬂexor strength/weight were signiﬁcantly and substantially less in
severely painful (WOMAC>5) than in painless limbs (Fig. 1); only ﬂexor
strength/weight in male KLG3/4 knees did not reach statistical signiﬁ-
cance (p¼0.08). In painless female limbs, extensor and ﬂexor strength/
weight differed signiﬁcantly between KL strata (p¼0.046/0.02). In male
limbs, extensor (but not ﬂexor) strength/weight differed between KL
strata (p<0.001). Although strength tended to be lower with higher KL
grades, painless KLG3/4 limbs displayed similar to greater strength than
KLG 0/1 limbs with severe pain (Fig.1). In women, extensor strength/
weight was by 10% [95%CI -19%,+39%) lower in painless rOA than in
healthy reference knees (n¼303 vs. 13); in men extensor strength/
weight was by 11% [95%CI -4%,+25%] lower in painless rOA than in
healthy reference knees (n¼238 vs. 12). However, these differences did
not reach statistical signiﬁcance (p¼0.50/0.15) and similar results were
found for ﬂexor strength/weight (p¼0.06/0.58).
Conclusion: Knee pain intensity is observed to be a very strong deter-
minant of muscle strength in men and women. A weak association
between radiographic stage (KLG) and muscle strength in painless
limbs is seen, particularly in women, but less so for ﬂexor strength in
men. Hence, pain appears to have a much stronger association with
thigh (and speciﬁcally quadriceps) muscle strength in knee OA than the
radiographic disease stage. Longitudinal studies need to show whether
